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A combustor cap assembly for a gas turbine includes an outer sleeve (12); an impingement plate 
(14) fixed to a forward end of the outer sleeve. The impingement plate is provided with a plurality 
of primary fuel nozzle openings (18) and a single secondary fuel nozzle opening (20). A plurality 
of open-ended nozzle cups (28) are fixed to the impingement plate (14) in alignment with 
respective primary fuel nozzle openings (1 8); and a nozzle collar (32) is fixed to a rearward end of ^ 
each nozzle cup (28). 5»> 
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© Combustor dome construction. 

@ A combustor cap assembly for a gas turbine 
includes an outer sleeve (12) ; an impingement 
plate (14) fixed to a forward end of the outer 
sleeve. The impingement plate is provided with 
a plurality of primary fuel nozzle openings (18) 
and a single secondary fuel nozzle opening (20). 
A plurality of open-ended nozzle cups (28) are 
fixed to the impingement plate (14) in alignment 
with respective primary fuel nozzle openings 
(18); and a nozzle collar (32) is fixed to a 
rearward end of each nozzle cup (28). 




FIG. 2 




FIG. 3 
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TECHNICAL FIELD 

This invention relates to gas and liquid fueled tur- 
bines, and more specifically, to combustors in indus- 
trial gas turbines used in power generation plants. 

BACKGROUND ART 

Combustor cap assemblies have evolved over 
the years from a single fuel nozzle configuration to a 
multi-nozzle dry low NOx configuration with dual 
burning zone capability. The cost of combustion hard- 
ware has increased proportional to the mechanical 
complexity associated with the enhanced perfor- 
mance and lower emissions goals of modern combus- 
tion systems. 

The function of the cap primary nozzle cup as- 
sembly is to deliver fuel and air from the fuel nozzle 
and end cover assembly to the primary zone of the 
combustor. Air and fuel pass axially through each pri- 
mary nozzle cup. Air passes through the sidewalls of 
each primary cup in a radially inward direction, provid- 
ing cooling for the cup wall. Air also passes through 
multiple apertures in the cap impingement plate 
thereby cooling the plate and supplementing the total 
cap airflow. 

The current dry low NOx combustor cap config- 
uration consists of many sheet metal and machined 
parts in a welded and brazed assembly. The disad- 
vantages of this assembly are: 

(1) The cost of manufacturing of multiple parts 
continues to increase; 

(2) Assembly costs are high as many processes 
are involved; and 

(3) Manufacturing cycle time is excessive and 
precludes production of a volume of assemblies 
in a limited capacity shop. 

DISCLOSURE OF INVENTION 

The objective of this invention is to reduce the 
cost of dry low NOx combustor cap assemblies within 
the following constraints: 

(1) The cap assembly must continue to function 
aerodynamically without performance compro- 
mise; 

(2) The mechanical integrity of the cap must be 
maintained; and 

(3) The cap must physically fit as a replacement 
part without mechanical or performance impact 
or required alteration of any other component of 
the gas turbine combustion system. 

In accordance with an exemplary embodiment of 
the invention, a unique dry low NOx combustor cap 
assembly is provided which has a significantly re- 
duced number of parts per assembly, for example, 27 
parts versus 45 parts for a six nozzle cap assembly. 
In this exemplary embodiment, the assembly in- 



cludes a generally cylindrical outer cap sleeve adapt- 
ed for attachment to a combustor casing in a known 
manner. The outer sleeve receives within its open for- 
ward (or downstream) end, i.e., the end closest to the 
5 combustion zone in the combustor, a circular, disk- 
like impingement plate provided with a forwardly ex- 
tending outer annular ring which fits snugly into the 
sleeve and is fixed (for example, by welding) thereto. 
The impingement plate is also formed with, in the ex- 

10 emplary embodiment, sue relatively large primary noz- 
zle openings, arranged in a circular array about the 
center axis of the assembly, and about a larger sec- 
ondary nozzle opening in the center of the plate. 
Each of the primary nozzle openings is defined 

15 by a tapered entry portion, while the secondary noz- 
zle opening is defined by a rearwardiy extending an- 
nular inner ring. Substantially the entire surface of the 
impingement plate, with the exception of the inner 
and outer rings, is formed with a plurality of relatively 

20 small cooling apertures. 

A primary nozzle cup, provided in the form of an 
open-ended, tapered tubular component, is fixed to 
the rearwardiy facing free edge of each primary noz- 
zle opening, with the nozzle cup tapering radially in- 

25 wardly in the rearward direction. The forwardmost ax- 
ial portion of the cup is also provided with an array of 
cooling apertures, following an essentially unbroken 
pattern of cooling apertures with those in the tapered 
entry portion of the impingement plate. 

30 A radially outwardly extending, annular cup ring 
is fixed to the rearward edge of each cup, thereby 
providing a mounting flange for a nozzle collar as de- 
scribed below. 

The sleeve-like nozzle collar has a similar radial 

35 flange on its forward end which is adapted to butt 
against the cup ring annular flange, with the collar 
opening and cup opening in substantial alignment An 
annular collar retainer ring, having axiai and radial 
portions, is fixed to the cup ring, with the radial por- 

40 tion overlapping the collar flange to hold the collar 
against the cup. 

The present invention may thus be described in 
its broader aspects as providing a combustor cap as- 
sembly comprising an outer sleeve; an impingement 

45 plate fixed to a forward end of the outer sleeve, the 
impingement plate formed with a plurality of primary 
fuel nozzle openings and a single secondary fuel noz- 
zle opening; a plurality of open-ended nozzle cups 
fixed to the impingement plate in alignment with re- 

so spective primary fuel nozzle openings; and a plurality 
of nozzle collars fixed to respective rearward ends of 
the nozzle cups. 

The above described construction is of consider- 
ably less complex construction and far less costly to 

55 manufacture than prior combustor cap assemblies, 
but without compromising performance. The cap is 
easily removed from the combustor for repair and/or 
replacement, and does not require alteration of any 
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other components of the combustion system. 

Other objects and advantages of the invention 
will become apparent from the detailed description 
which follows. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a side section of a liner cap assem- 
bly in accordance with an exemplary embodi- 
ment of the invention; w 
FIGURE 2 is an enlarged detail of a portion of the 
sectional view illustrated in Figure 1; 
FIGURE 3 is a rear elevation of the assembly il- 
lustrated in Figure 1; and 

FIGURE 4 is a a partial front elevation of the as- 15 
sembly illustrated in Figure 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

20 

With reference to the drawings, particularly Fig- 
ures 1 and 2, the combustor cap assembly 10 in ac- 
cordance with the exemplary embodiment of the in- 
vention includes a generally cylindrical, open-ended 
cap sleeve 12, which is adapted for connection by any 25 
suitable means, such as bolts, to the combustor cas- 
ing assembly (not shown). 

The cap sleeve 12 receives within its forward 
open end an impingement plate 14 which includes a 
forwardly extending, outer annular ring portion 16, 30 
adapted to frictionally engage, and be welded to, the 
inner surface of sleeve 12. The impingement plate 14 
also includes, in the exemplary embodiment, six pri- 
mary fuel nozzle openings 18, and a single, centrally 
located secondary fuel nozzle opening 20, best seen 35 
in Figure 3. The circular openings 1 8 are arranged in 
a circular array about the center axis A and about the 
circular secondary nozzle opening 20. For each open- 
ing or hole 18, there is an inwardly and rearwardly ex- 
tending inclined or tapered plate portion 22 which de- 40 
fines the openings 18. The impingement plate center 
hole 20 has an inner annular ring 24 welded thereto, 
extending rearwardly, or away from the combustion 
zone. The manner in which the primary nozzles and 
single secondary nozzle are fitted within the respec- 45 
tive openings 18 and 20 forms no part of this inven- 
tion. 

The impingement plate 14, including the tapered 
portions 22 and ail areas between the primary fuel 
nozzle openings 18 (but excluding the inner and outer so 
annular rings 16 and 24) is formed with an array of 
cooling apertures 26, extending over substantially the 
entire surface thereof. Air flowing through the im- 
pingement plate 14 serves to cool the plate and to 
supplement the total cap assembly airflow used in 55 
the combustion process. 

A primary nozzle cup 28 which, as best seen in 
Figures 1 and 2, comprises open ended tubular mem- 



bers, with an inwardly tapered surface extending in a 
rearward direction, welded to the rearwardly facing 
free edge 25 (Figure 2) of each tapered portion 22 de- 
fining the respective openings 18. To the rearward- 
most edge of each cup 28, there is fixed (by welding, 
for example) a radially outwardly extending cup ring 
or mounting ring flange 30. An annular nozzle collar 
32 formed with a radial mounting flange 34 (Figure 2) 
is butted up against flange 30 and the collar is se- 
cured to the cup by means of a collar retainer ring 36 
welded in place after the nozzle collar 32 is properly 
oriented vis-a-vis the cup ring 28. The collar retainer 
ring 36 has axial and radial portions 38, 40, respec- 
tively, such that portion 38 may be welded to the 
flange 30 and portion 40 extends radially inwardly to 
overlap the flange 34 of the collar 32, thereby pre- 
cluding separation of the cup 28 and collar 32. 

There may be provided a slight annular gap be- 
tween the flange 34 and axial portion 38 of the retain- 
er ring 32 in order to provide a degree of self- 
adjustability of the collar 32 relative to an associated 
primary nozzle (not shown) to account for any slight 
misalignment and/or tolerance build-up during as- 
sembly of the combustor. 

The various components as described above are 
preferably secured by welding. All components in the 
exemplary embodiment are preferably made 
from .062 inch thick Hastalloy-X sheet with the fol- 
lowing exceptions. The nozzle collars are machined 
from 403SS bar stock, and the nozzle collar retainers 
are .045 inch thick Hastalloy-X sheet. 

The above described exemplary embodiment (for 
a six nozzle combustor) has 40% fewer parts (27 ver- 
sus 45 in the currently used cap assembly), with 
eighteen fewer welds. As a result, cost is significantly 
reduced, while at the same time, preliminary tests in- 
dicate NOx emission levels as low and possibly lower 
than current cap assemblies. 

While the invention has been described in con- 
nection with what is presently considered to be the 
most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to 
the disclosed embodiment, but on the contrary, is in- 
tended to cover various modifications and equivalent 
arrangements included within the scope of the ap- 
pended claims. 



Claims 

1. A combustor cap assembly comprising : 
an outer sleeve; 

an impingement plate fixed to a forward 
end of the outer sleeve, the impingement plate 
formed with a plurality of primary fuel nozzle 
openings and a single secondary fuel nozzle 
opening; 

a plurality of open-ended, single walled 
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nozzle cups fixed to the impingement plate in 
alignment with corresponding ones of said pri- 
mary fuel nozzle openings; 

and a plurality of nozzle collars fixed to re- 
spective rearward ends of said nozzle cups. 5 

2. A combustion cap assembly adapted for attach- 
ment to a combustor casing of a gas turbine, the 
cap assembly comprising : 

an outer sleeve; 10 
an impingement plate fixed to a forward 
end of the outer sleeve, the impingement plate 
formed with a plurality of primary fuel nozzle 
openings and a secondary fuel nozzle opening, 
the impingement plate provided wit h a first axially 15 
extending ring about its outer periphery, and a 
second axially extending ring extending about 
said secondary nozzle opening, the impingement 
plate further provided with an array of cooling 
apertures over substantially its entire surface; 20 

a plurality of open-ended nozzle cups 
fixed to respective free edge portions of the im- 
pingement plate defining said primary fuel nozzle 
openings; and a nozzle collar fixed to a rearward 
end of each nozzle cup. 25 

3. A combustion cap assembly adapted for attach- 
ment to a combustor casing of a gas turbine, the 
cap assembly comprising : 

an outer sleeve; 30 
an impingement plate fixed to a forward 
end of the outer sleeve, the impingement plate 
formed with a plurality of primary fuel nozzle 
openings and a secondary fuel nozzle opening, 
the impingement plate provided with an array of 35 
cooling apertures over substantially its entire sur- 
face; 

a plurality of open-ended, nozzle cups 
fixed to respective free edge portions of the im- 
pingement plate which define said primary fuel 40 
nozzle openings; and 

a plurality of nozzle collars fixed to respec- . 
tive rearward ends of said nozzle cups; 

wherein each nozzle cup is provided with 
a radial flange at a rearward end thereof, and 45 
each of said nozzle collars is provided with a cor- 
responding radial flange in abutting relationship 
with said cup radial flanges. 

4. The combustor cap assembly of Claim 1 wherein so 
said impingement plate is provided with an array 

of cooling apertures over substantially its entire 
surface. 

5. The combustor cap assembly of Claim 1 or 3 55 
wherein said impingement plate is provided with 

a first axially extending ring about its outer periph- 
ery, and a second axially extending ring extend- 



ing about said secondary nozzle opening. 

6. The combustor cap assembly of Claim 5 wherein 
said first ring is telescopicafiy received within 
said forward end of said sleeve. 

7. The combustor cap assembly of any preceding 
claim wherein each nozzle cup has a forward por- 
tion provided with an array of cooling apertures. 

8. The combustor cap assembly of Claim 1 or 2 - 
wherein each nozzle cup is provided with a radial 
flange at a rearward end thereof, and each of 
said nozzle collars is provided with a correspond- 
ing radial flange in abutting relationship with said 
cup radial flange. 

9. The combustor cap assembly of Claim 3 or 8 
wherein an annular collar retainer is fixed to each 
cup radial flange in overlapping relationship to 
said collar radial flange to thereby hold the collar 
against the cup. 

10. The combustor cap assembly of Claim 9 wherein 
said annular collar is movable relative to said cup. 
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